School age children (4-14 years old) restrained with a seat belt were 2-10 times as safe as unbelted children in car crashes and were at least as well protected as adults wearing seat belts. Despite these benefits, 40% of children in our study were unbelted. Urgent efforts should therefore be made to increase the use of seat belts by school age children. However, it is not clear if the degree of protection afforded by such belts could be improved. Given the impact of childhood injury on potential life lost, further research and development of highly effective restraints designed for school age children is warranted. 
Introduction
Published estimates of the proportion of crashes attributable to sleepiness vary more than tenfold, from 1-3% for the United States 1 to 10% in France 2 and 33% in Australia. 3 This variation reflects the quality of the data available as these figures are derived from descriptive information about crashes.
Measures of acute and chronic sleepiness, sleep restriction, sleep disorders, and work patterns that interfere with normal sleep have been associated with decreased performance in psychomotor tests and driving simulators [4] [5] [6] [7] [8] and with increased rates of crashes in selected populations. 9 We examined the association of these sleep related characteristics with the risk of crashes in which a car occupant is injured or killed in a regional population.
Methods
We carried out a population based case control study in the Auckland region of New Zealand between April 1998 and July 1999. The region includes urban, suburban, and rural areas and has a population of about one million. The source population for study participants comprised drivers of light vehicles on public roads. We excluded all vehicles licensed as heavy vehicles, taxis, and emergency vehicles. We applied the definitions of geographical boundaries, time period, eligible vehicles, and eligible roads in an identical manner to cases and controls.
Selection of cases-We prospectively identified all drivers or passengers in eligible vehicles who were admitted to hospital or died as the result of a car crash in the study region through daily surveillance and case finding in the region's four trauma hospitals and single coroner's office. In each case the driver of the vehicle was the key informant, whether or not the driver was injured, unless the driver was killed (see below).
Selection of controls-The control group comprised a sample of car drivers representative of all time spent by people driving on the region's roads during the study period. They were identified by cluster sampling of drivers at 69 randomly selected sites on the road network (for details see the long version of this paper on bmj.com). Surveys were carried out at an average of one a week and recruitment approximately matched accrual of cases.
Data collection-Interviews with case drivers were conducted face to face in hospital or by telephone at home. Proxy interviews were sought for drivers who sustained fatal injuries or were too ill to participate. For control drivers we obtained contact details, suitable interview times, and results of a breath test for alcohol at the roadside recruitment sites. Interviews were conducted by telephone. Many (65%) of the interviews were carried out in the 48 hours after the crash or survey. The highly structured interview was based on a questionnaire covering the circumstances of the current trip and many usual behaviours and background characteristics of the drivers. Questions related to the time of the crash in cases were indexed to the time of the roadside survey for control drivers, and the questions related to sleep comprised only a small part of the interview.
Measures of driver sleepiness-We used the Stanford sleepiness scale, a self rating scale, to quantify progressive steps in acute sleepiness. Respondents chose one of seven hierarchical statements that most closely described their level of alertness immediately before the crash or survey. 10 We used the Epworth sleepiness scale to measure chronic or usual daytime sleepiness. 11 We obtained the start and finish times of all sleep periods in the 24 hours before the crash or survey and the number of full nights of sleep (at least seven hours, mostly between 11 pm and 7 am) in the previous week. Participants were asked about symptoms of obstructive sleep apnoea and work patterns including types of shift.
Confounding variables-Potential confounders that we considered in the analysis were age, sex, socioeconomic status, ethnicity, alcohol consumption, use of recreational drugs, time spent driving per week, vehicle speed, average traffic speed, type of road, and how long the person had been driving that day. We collected self reported data for all confounders except traffic speed and road type, which were ascertained from environmental surveys. We also obtained objective alcohol measurements with breathalyser tests for control drivers, and results of hospital blood tests, police blood tests, or police breathalyser results for drivers involved in crashes.
Analysis-To account for the sampling design we weighted control data. We calculated odds ratios using unconditional logistic regression. The confounders we included in the analyses are shown in table 1. We used self reported data on alcohol consumption for the statistical modelling. We calculated population attributable risk estimates and their 95% confidence intervals. 12 
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Results
We identified 615 eligible cases during the study period. These crashes resulted in 683 admissions to hospital with non-fatal injuries and 63 deaths. Two thirds of the deaths (43) and 60% of admissions to hospital (405) involved drivers. Of the 615 case drivers or proxies eligible for the study, 30 (5%) declined to participate, and 14 (2%) could not be contacted. Fifty seven of the case interviews (10%) were completed by a proxy respondent. Of the 746 control vehicles selected, 94 declined (12%), 60 were untraceable (8%), and four could not give informed consent because of language difficulties ( < 1%). Table 1 shows the distributions of measures of sleepiness and potential confounders.
There was a strong association between the level of acute driver sleepiness, as measured by the Stanford score, and the risk of injury crash (table 2). The comparison of drivers who identified any degree of sleepiness (score >4) with drivers who identified themselves as alert or relaxed (score < 4), which is most relevant to usual driving, resulted in an eightfold increase in risk.
The two direct determinants of acute sleepiness that we measured, sleep deprivation and time of day, were also strongly associated with the risk of an injury crash. The most sleep deprived drivers (three hours or less) had a high risk of injury crash, but there were only two control drivers in this group (adjusted odds ratio 47, 95% confidence interval 11 to 195). Drivers with five to seven hours of sleep were not at any greater risk than those with more than seven hours. The risk associated with driving between 2 am and 5 am was more than five times that of other times of day, but we found no increase in risk associated with the secondary circadian dip in mid-afternoon (data not shown). We observed no increase in risk with measures of chronic sleepiness. We found no major alteration in the effect estimates when we excluded proxy respondents or restricted analyses to drivers who had not been drinking.
The population attributable risk is the proportion by which the incidence of injury crashes would be reduced if a specific risk factor was eliminated from the population. If we assume that the associations are causal and unconfounded, the population attributable risks were 11% (8% to 15%) for feeling sleepy (Stanford score 4-7 v 1-3), 8% (5% to 13%) for sleeping less than five hours in the previous 24 hours, and 7% (4% to 11%) for driving between 2 am and 5 am. The population attributable risk for having at least one of these three risk factors was 19% (15% to 25%).
Discussion
We found a strong association between acute sleepiness in car drivers and the risk of a crash in which a car occupant was injured or killed that was independent of the effects of acute alcohol consumption and other major confounding factors. Decreased levels of self reported alertness were associated with increased risk. There was an eightfold increased risk if drivers reported sleepiness, an almost threefold risk for drivers who were driving after five hours or less of sleep, and a five fold risk for driving between 2 am and 5 am. In contrast, we found no significant increase in risk with measures of chronic sleepiness.
Possible bias
It is unlikely that our results can be explained by selection bias as we identified all cases and a representative sample of controls from the study region over the study period and obtained high response rates. We also minimised information bias by using standard interviews and a reference point for acute exposures (crash or survey). Biases may remain however, particularly recall bias, even though sleepiness was not an identified focus of the study. The risk associated with a Stanford score of >4 is the measure most likely to be affected by recall bias and could, therefore, be somewhat inflated. The measurement of acute sleep deprivation, based on start and finish times of sleep periods, is less likely to be biased. We verified time of day, which has been used as a proxy measure of crashes related to sleepiness in previous research, 14 though the precision of estimates involving time of day was reduced by the clustering in time of control recruitment. Chronic sleepiness is difficult to measure by self report, 1 and the lack of effect associated with measures of chronic sleepiness in this study may be due in part to the methods used. Some studies have found the Epworth sleepiness scale to be an insensitive measure, 15 whereas others have found it to be associated with risk of crash (although not injury). 16 The use of symptoms alone as an indicator of obstructive sleep apnoea may have resulted in misclassification 17 that could have affected the validity and precision of the associated risk estimate.
Only two previous case control studies of car crashes have examined factors related to sleep 15 18 and only one of them measured acute sleepiness and sleep deprivation as exposures. 18 Although the outcome measure was crash rather than injury and the setting rural rather than predominantly urban, this recent study from Washington state found a significant increase in risk associated with nine or less hours sleep in the previous 48 hours and with self reported sleepiness, broadly consistent with our results.
Implementation of findings
Our study shows that acute sleepiness makes a considerable contribution to the burden of car crash injuries in this population. Moreover, reductions in the prevalence of specific behaviours may result in reduction in injuries or death of up to 19%. It provides some simple evidence based messages to disseminate with regard to specific driver behaviours in place of general advice against driving while sleepy. The priority given to developing and implementing interventions to prevent crashes related to sleepiness needs to reflect the contribution of driver sleepiness to the overall burden of injury from car crashes, and any such interventions should target the specific behaviours where there is evidence of potential benefit.
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